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Available online 16 April 2016Recurring epidemics and the emergence of newaquatic diseases are increasingly threatening the growth of aqua-
culture. The fast pace of aquaculture development and on-going global environmental, social and economic
change are challenging epidemiologists in their capacity to surveil and control the spread of diseases and avert
losses to farmers and impacts on their livelihoods and environment. By placing farmers as the starting point of
disease surveillance, we contend that farmer-based syndromic disease surveillance holds potential to overcome
the current limitations of conventional disease surveillance, and demonstrate its relevance for aquaculture, par-
ticularly in resource constrained environments. Drawing on the literature on aquaculture, epidemiology, farmers'
decision-making, technology adoption in animal healthmanagement and participation in animal disease surveil-
lance, we highlight the complex interplay of behavioural (economic and social) factors behind farmers' reporting
of disease. To this we add insights from institutional economics to analyse the constraints and dilemmas disease
surveillance poses to institutions. Whilst information technologies are playing a signiﬁcant supporting role in
disease surveillance, our central argument is that if data collection for epidemiological monitoring is about
technology, surveillance itself is about people. Stakeholder involvement and perception of surveillance beneﬁts,
value of epidemiological data collected, farmers' knowledge, motivation and trust and institutions' functioning
are key considerations in the design of successful syndromic disease surveillance programmes. These human
dimensions constitute important knowledge gaps in animal disease surveillance in general, and in particular
in aquaculture. Interdisciplinary collaboration in disease surveillance is essential. It is crucial in an environment
where diseases are emerging and spreading in increasingly complex, interconnected and dynamic social-
ecological systems and is the key to unlocking the numerous beneﬁts of farmer-based syndromic aquatic
disease surveillance.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).“When major health problems arise someone must make deci-
sions… Good surveillance does not ensure the making of the right
decisions but it reduced the chances of wrong ones”
[Alexander Langmuir (1963: 191)]
1. Introduction
The impact of liberalisation in international trade of animals and an-
imal products (Oidtmann et al., 2013a; Rogers et al., 2011; Thiermann,e), sps@ipb.ac.id,
c.uk (K.L. Morgan).
. This is an open access article under2005), accidental translocation of non-native species (both host and
vector) andmass global movement of people on the risk of spread of in-
fectious agents (Fèvre et al., 2006; Tatem et al., 2006a,b) has changed
the paradigm of infectious disease control. Driven by the Sanitary and
Phytosanitary (SPS) Agreement (WTO, 1995), which raised infectious
disease to one of the few remaining barriers to free trade, and the Inter-
national Health Regulations (IHR) (WHO, 2005), which placed the onus
of epidemic or emergent human and zoonotic disease detection, assess-
ment, reporting and response on the country of origin, epidemiological
intelligence, risk assessment and certiﬁcation have moved centre stage.
In parallel with these developments, the increased demand for af-
fordable food, housing and power have resulted in husbandry, climatic
and ecological changeswhich have altered the dynamics of the relation-
ship between individual animals and infectious agents, and between
people and animals (domesticated and wild). The result has been thethe CC BY license (http://creativecommons.org/licenses/by/4.0/).
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epidemic form.
Nowhere are these changes more marked than in aquaculture. As
the crop of farmed aquatic species is set to exceed the wild catch for
the ﬁrst time in history (reviewed by Ottinger et al., 2016), domestica-
tion of aquatic animals and our transition from hunter-gatherers to
farmers of this blue planet is taking place in real time (Hedgecock,
2012; Teletchea, 2015). The global change in species distribution
(Doupé and Lympery, 2000; Flegel, 2006), population density (Frazer
et al., 2012; Krkosek, 2010), host-parasite-environment interaction
(Ashander et al., 2012), ﬁsh and shellﬁsh consumption (reviewed by
Ottinger et al., 2016) and demand for ﬁsh as ornaments, companions
or pets (Whittington and Chong, 2007) is proceeding at a pace un-
matched by scientiﬁc investigation or epidemiological capacity (e.g.
Jones et al., 2015). The last 20 years have witnessed three recognised
aquatic pandemics (Kamilya and Baruah, 2014; Lightner, 2011) and
the current human burden of zoonotic aquatic parasites is estimated
at 100million (Keiser and Utzinger, 2009; reviewed by Lima dos Santos
and Howgate, 2011).
Epidemiological intelligence transforms the strategy of infectious
disease control from relying on control by biosecurity, at the point of in-
vasion into a newpopulation or country, to targeting changes in the dis-
tribution, frequency and determinants of disease in the source
population. It enables barriers and contingencies to be enhanced by
early warning systems, risk estimates and preparedness. In deﬁning ep-
idemiological intelligence, Langmuir (1963) considered it synonymous
with disease surveillance. He is creditedwith the ﬁrst deﬁnition ofmod-
ern disease surveillance as the “Continued watchfulness over the distribu-
tion and trends of incidence through the systematic collection,
consolidation and evaluation of morbidity and mortality reports and
other relevant data. Intrinsic in this concept is the regular dissemination
of the basic data and interpretations to all who have contributed and all
others who need to know. The concept however does not encompass direct
responsibility for control activities.” (Langmuir, 1963). This deﬁnition still
resonates today (OIE, 2014).
Conceptually simple, intuitive and logical, the implementation of ef-
fective and efﬁcient disease surveillance systemshas provenproblemat-
ic. Disease surveillance challenges the epidemiological principles that
the lower limits and uncertainties around disease detection should be
within known bounds and that the reporting of disease frequency
should be unbiased and representative of the population. Furthermore,
epidemiological rigor requires that the probability of a disease being re-
ported given that animals are truly diseased (sensitivity) and the prob-
ability of not reporting given that the animals are truly healthy
(speciﬁcity) are known and are within acceptable limits. High speciﬁci-
ty reduces the number of false positive reports and high sensitivity re-
duces the number of false negative reports.
In essence, the epidemiological challenges to an effective surveil-
lance system relate to rapid detection, representative reporting and ac-
curate diagnosis. These challenges have spawned a gamut of research
which addresses these issues and focusses on methods for: combining
multisource, non-representative data (Gubbins, 2008; Hay et al., 2013;
Martin et al., 2011), capture-recapture techniques (Vergne et al.,
2015), using high risk populations as a cost-effective proxy (Cameron,
2012; Diserens et al., 2013; Marques et al., 2015; Oidtmann et al.,
2013b; Stärk et al., 2006), the application of molecular techniques to
pen-side, pool side or point of care detection and diagnosis (reviewed
by Teles and Fonseca, 2015), the use ofmobile phone technologies to re-
port data (Brinkel et al., 2014; Robertson et al., 2010a), natural language
processing (Gerbier et al., 2011) and content analysis (Butler et al.,
2007; Lam et al., 2007) to read and translate the richness of text based
data and the harnessing of statistical methods (reviewed by Robertson
et al., 2010a) and artiﬁcial intelligence to detect anomalies and classify,
collate and transform these data to information (Dórea et al., 2015;
Fanaee and Gama, 2014, Hepworth et al., 2012; Wong et al., 2005).
None of these however address the need to understand and accountfor the human factors that underpin the implementation of an effective
surveillance system.
The objective of this paper is to argue for farmer-based, syndromic
surveillance as a way of overcoming current limitations of conventional
disease surveillance and to demonstrate its relevance for aquaculture,
particularly in resource limited environments. In doing so we will
focus on the human aspects of disease detection and reporting.We sug-
gest that the need to understand and harness these parameters is an es-
sential component of effective disease surveillance systems and extends
beyond the boundaries of epidemiology and veterinary science.
We start by reviewing the epidemiological challenges that disease
surveillance raises, notably in terms of sampling, diagnosis, effective-
ness and cost-beneﬁts. We focus on establishing freedom from disease,
estimating disease prevalence and perhaps most importantly for aqua-
culture, the detection of emerging diseases or shifts in the pattern of
recognised disease. Certiﬁcation of disease freedom is a passport to in-
ternational trade; disease prevalence allows prioritisation and resource
allocation for endemic diseases and emergence may require a global
response.
We then turn to exploring the human dimensions that inﬂuence the
effectiveness of syndromic disease surveillance. In particular, we exam-
ine the motivations behind farmer reporting of diseases to national au-
thorities and competent authority reporting to international
organisations such as the Ofﬁce International des Epizooties (OIE).
Knowledge gaps and challenges of farmer-based syndromic disease sur-
veillance for aquaculture are discussed, and the challenges and opportu-
nities for the sector are highlighted.
2. Epidemiological challenges of disease surveillance
2.1. Sampling and conﬁdence
One of the epidemiological challenges of establishing disease free-
dom is to decide at which level of prevalence the absence of detection
means freedom from disease and the conﬁdence with which this con-
clusion is reached, i.e. does the absence of detectable disease presence
really mean the presence of disease absence? This involves consider-
ation of statistical probability but also of the host population, its struc-
ture and the nature of the infectious agent.
Farmed populations are hierarchical: individual animals live in
ponds, farms may have more than one pond and there may be more
than one farm on a commonwater source or catchment. This lack of in-
dependence challenges one of the basic statistical tenets. Furthermore,
ponds and farms may be multispecies or even multi-phyla with differ-
ences in susceptibility to infection or expression of disease. The num-
bers of animals per pond may vary from a few to thousands. Aquatic
animals inhabit murky ponds and may be invisible or even, as in the
early stages of shrimp grow-out, absent because of early mortality.
This poses practical challenges to random sampling, aggravated by the
stressful and potentially life-threatening removal and handling of ani-
mals outside their aquatic environment.
Transmission rates also inﬂuence sampling. Infectious diseases
which have a high transmission rate may affect themajority of the pop-
ulation. In a fully susceptible population in which there are no births
(e.g. a grow-out population) and no innate or adaptive immunity, the
epidemic will die out; if infection is fatal, so will the hosts. In the pres-
ence of an immune response, or variably expressed innate immunity
phenotypes, and a dynamic (regenerating) population, endemic equi-
librium may be reached and the prevalence of disease or infection, al-
though variable, will be maintained at a much lower level (Keeling
and Rohani, 2007; Van den Driessche and Watmough, 2002).
The importance of prevalence and the conﬁdence of detection is that
it inﬂuences the sample size and cost of studies aimed at both establish-
ing disease freedom and estimating disease prevalence. For example, in
a country with a large aquaculture industry with tens of thousands of
farms, a random sample of about 150 ﬁsh would be required to be
Table 1
Terrestrial and aquatic diseases named according to their clinical signs (physical
description).
Livestocka Fish, shellﬁsh, algae
Foot and mouth disease
(artiodactyla)
White Spot Disease Syndrome (Penaeus
shrimp)
Bluetongue (cattle/sheep) Yellowhead disease (shrimp)
Lumpy skin disease (cattle) White tail disease (Macrobrachium shrimp)
Foul in the foot (cattle) Early Mortality Syndrome (shrimp)
Pink eye (cattle) Epizootic Ulcerative Syndrome (freshwater
ﬁsh)
Lumpy jaw (cattle) Sleeping disease syndrome (trout)
Vomiting and wasting disease
(pigs)
Whirling disease (ﬁsh)
Greasy pig disease Orange sickness (mussels)
Strangles (horses) Brown ring disease (clams)
Gapes (chickens) Ice-ice disease (seaweed)
a Reviewed in Radostits et al. (2007).
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minimum prevalence was thought to be 2%. This assumes that all
ponds and all the ﬁsh on the farm are infected! If a minimum of 10%
of ponds per farm were thought to be infected and the minimum prev-
alence of infected ﬁsh in each pond was considered to be 25%, numbers
would escalate. If the number of ponds per farm was between 1 and 10
with a median of ﬁve and each pond containing 100 ﬁsh, then every
pond per farm and 10ﬁsh per pondwould need to be included, totalling
7500 samples (150 × 5 × 10). This assumes a perfect diagnostic test –
which of course they never are! A diagnostic test with a speciﬁcity of
99% and sensitivity of 95% would increase this to almost 70,000
(540 ×5 × 18). This is clearly impractical and has resulted in the devel-
opment of techniques which target farms with a higher disease risk
(Cameron, 2012; Diserens et al., 2013; Marques et al., 2015; Oidtmann
et al., 2013b; Stärk et al., 2006). Risk-based surveillance is now required
by the EU (EUCouncil directive 2006/88/EC on animal health, EU, 2006).
In support of this, online calculators have been developed which incor-
porate risk-based surveillance and cost into their sample size estimates
(Sergeant, 2016).
2.2. Diagnostic tests
The laboratory-based identiﬁcation of necessary infectious agents or
pathognomonic lesions, visible eithermacroscopically ormicroscopical-
ly, has until recently underpinned the diagnosis of infectious diseases.
Diagnostic tests inﬂuence surveillance in a number of ways. Sometimes
they are simply not available, not good enough or inappropriate for dis-
ease surveillance. Many diagnostic tests for aquatic diseases rely on de-
tecting the infectious agent, whichmay only be present in an individual
host for a matter of days. In contrast, many tests used for detecting in-
fectious agents in terrestrial animals rely on historical markers of expo-
sure such as serum antibodies. These can last for years. The use of
antibody as a biomarker is inappropriate in crustaceans as they do not
mount an adaptive immune response. Diagnostic tests may also be un-
acceptable to farmers because they involve sacriﬁcing apparently
healthy individual animals. Validated diagnostic tests for aquatic dis-
eased are listed and updated by the OIE (2015).
Diagnostic tests inﬂuence the cost of surveillance through the unit
cost of testing and by inﬂuencing the sample size, as illustrated in the
previous section. This cost escalation has been addressed by decreasing
the sophistication of laboratory equipment required, focusing on gener-
almarkers of infection (Andre et al., 2004), increasing the range of infec-
tious agents or diseases detected in each test and developing tests
which can be used pond-side or at the “point of surveillance” (Teles
and Fonseca, 2015).
2.2.1. “Point of care” (POC), “pond-side” and “point of surveillance” tests
Technological developments and the demand for rapid, high
throughput, diagnosis in resource limited settings have driven the de-
velopment of a cluster of diagnostic tests known synonymously as
“rapid diagnostic (RDT)”, “bed-side” (“pond-side” and “pen-side” in
veterinary parlance), “near-patient”, “ﬁeld tests”, “point of surveillance”
or most commonly “point of care” (POC) tests (reviewed by Adams and
Thompson, 2011; Teles and Fonseca, 2015). These aspire to the
ASSURED criteria: A-Affordable, S-Sensitive, S-Speciﬁc, U-User-friendly
(simple to perform in a few steps with minimal training), R-Robust
and rapid (results available in b30 min), E-Equipment-free, D-
Deliverable to those who need the test (Kettler et al., 2004). Although
collectively deﬁned as “point of care”, the precise meaning of this term
is unclear. Pai et al. (2012) classiﬁed “point of care” into 5 hierarchical
levels according to their deployment to different actors and institutions
involved in diagnosis of human disease in resource-limited settings.
These were: home, community health worker, clinic or health post, pe-
ripheral laboratory or hospital (Pai et al., 2012).
At the home level, dipstick or lateral ﬂow devices (LFD), also called
lateralﬂowassays (LFA) or lateralﬂow immunochromatographic assays(LFIA), are rapid, robust and reliable enough for use by untrained indi-
viduals. Pregnancy diagnosis kits, commercially available for 40 years
are the classic example. Lateral ﬂow refers to the detection, by speciﬁc
antibody, of an infectious agent by its lateral diffusion through a porous
substrate and the appearance of two coloured spots or lines. Although
relatively inexpensive, the cost of these tests (b1€) may be a limiting
factor in the resource-constrained environments where much of the
world's aquaculture occurs. Currently, the reaction takes place in a plas-
tic cassette or frame. Future use of disposable paper assays may change
this. Lateral ﬂow devices have been reported for White Spot Syndrome
Virus (WSSV) of shrimp (Sithigorngul et al., 2006), Infectious Salmon
Anaemia Virus (ISAV) (Adams and Thompson, 2010), and Cyprinid Her-
pesvirus 3 (CyHV-3) (Vrancken et al., 2013).
Although LFDs for infectious disease diagnosis have the potential to
be used by farmers, community animal health workers or in animal
health posts, evidence from human medicine suggests that this does
not happen; most are used in established laboratories, hospitals, or
small stand-alone laboratories (Moore, 2013; Pai et al., 2012). Further-
more, the use of these tests by farmers has raised a number of concerns,
particularly in relation to notiﬁable diseases where mandatory state
reporting to OIE is required. Identiﬁcation and culling of non-zoonotic
diseases may occur without notiﬁcation and if this takes place on a
farm whose simulated position in a contact network indicates that the
risk of disease spread is low (Jonkers et al., 2010), it may never be
reported.
In addition to detection by speciﬁc antibody, infectious agents may
be detected using nucleic acid based tests. These amplify and detect nu-
cleotide sequences unique to speciﬁc infectious agents. In laboratories,
Polymerase Chain Reaction (PCR) assays are used for DNA and Reverse
Transcriptase PCR (RT-PCR) for RNA. These require two sophisticated
pieces of equipment: one exposes the reaction mix to a ﬁxed number
of alternating cycles of high and low temperatures (thermal cycler) to
enable ampliﬁcation of the target sequence, and the other uses the mi-
gration of the product in a gel exposed to an electrical charge and to de-
tect the product (electrophoresis). Traditionally, each PCR test detects a
single speciﬁc organism. Multiplex assays reduce the cost by allowing
detection of multiple species of organisms. These have been developed
for some shrimp diseases (Xie et al., 2008) but they still require special-
ist laboratory equipment.
Nucleic acid tests have been revolutionised by the development of
Loop Mediated Isothermal Ampliﬁcation (LAMP) assays (Notomi et al.,
2000). These take place at a ﬁxed temperature and the product can be
detected visually either by turbidity or using a dye. LAMP assays have
been developed for WSSV (Kono et al., 2004), Koi Herpesvirus
(Soliman and El-Matbouli, 2005) and Perkinsus spp. (Feng et al., 2013).
LAMP assays have also been adapted for multiple infectious agents
(Zhou et al., 2014). Use of these tests in aquaculture has recently been
reported (Caipang et al., 2015). Although not suitable for most farmer
161C. Brugere et al. / Aquaculture 467 (2017) 158–169or community animal health workers, these assays offer the potential
for use in peripheral ﬁeld laboratories.
The decentralisation of diagnostic tests promises to change the focus
of information and with it the relationship between stakeholders in-
volved in its generation, transmission and use. Although a number of is-
sues concerning the use of these tests need to resolved (reviewed by
Teles and Fonseca, 2015) before they are used as a management aid
by individual farmers, they will not contribute to an understanding of
the disease in the population in the absence of a formally-established
surveillance system.
2.2.2. Emerging diseases and syndromic surveillance
Emerging diseases raise speciﬁc issues with regard to detection and
reporting as by their nature there are no diagnostic tests or formal
reporting systems. Thus, “it is not yet clear how best to build surveil-
lance systems for unknown pathogens” (Halliday et al., 2012: 2877).
Even the cheapest, ubiquitous pond-side diagnostic tests can only de-
tect known diseases. Tests may also focus on those diseases which are
considered important enough to warrant the ﬁnancial investment
needed to develop the assays.
One approach to the detection of emerging diseases is syndromic
surveillance. It has a number of interpretations but involves the “use
of health-related information that may be indicative of a probability of
change in the health of a population that merits further research or en-
ables a timely impact assessment and action requirement” (Rodríguez-
Prieto et al., 2015: 6). In veterinarymedicine, it is derived from the signs
of disease that can be detected by the human senses. In human medi-
cine, the physical or emotional symptoms reported by people are
added. Syndromic surveillance is sometimes extended to include pur-
chasing non-prescription medication, partial or complete carcase con-
demnations or submissions to laboratories. This interpretation is not
used here.
Although syndromic surveillance is increasingly recognised as the
most cost-effective approach to the detection of new and emerging dis-
eases, detractors highlight the occurrence of infection in the absence of
clinical signs. Here it is important to reiterate the difference between in-
fection and disease. Disease is deﬁned as the presence of clinical signs,
whether these be as obvious as increased mortality or as subtle as de-
creased growth rate or fertility. If an infectious agent is a necessary
cause of disease, then it will also be present around the time of clinical
disease. If the agent is present in the absence of disease, then this is
more accurately deﬁned as infection (or subclinical infection) rather
than disease. Infection cannot be detected until diagnostic tests are de-
veloped to identify the agent associated with disease. These diagnostic
tests follow rather than precede disease detection. The process by
which subclinical infection can be detected is: 1. identiﬁcation of clinical
signs; 2. identiﬁcation of the agent; 3. development of laboratory diag-
nostic tests; 4. detection of subclinical disease. Only the ﬁrst step of
this process is syndromic surveillance. Syndromic surveillance by deﬁ-
nition can only be used to detect clinical disease, not infection. However
it might be argued that unless infection is associatedwith some physio-
logical abnormality and is not proscribed as notiﬁable, it is irrelevant.
In contrast to “causative agent based surveillance” which, for cost
and logistical reasons, can only be used on a limited proportion of the
population, syndromic surveillance can be used repeatedly and regular-
ly on amuch larger proportion of the population. In addition, where the
clinical signs of disease are pathognomonic, farmer diagnosis may be as
good as laboratory tests (Morgan et al., 2014).
3. The human dimensions of syndromic disease surveillance
3.1. Detection of disease
The detection of overt clinical signs in animals requires no special
training. Indeed theremay be advantages to allowing untrained farmers
to do this. They are not be constrained by the bias of prior diseaseknowledge, asmany veterinarians or community animal healthworkers
are. This offers the best chance of detecting new diseases.
In terrestrial animals, mortality is obvious, coughing and wheezing
can be heard, diarrhoea can be seen and smelled, lumps, bumps and
other skin abnormalities can be seen or felt, feeding or other behaviour-
al change may be observed and growth measured. The regular appear-
ance of one of these signs either alone, or in consistent combinations,
constitutes a syndrome. ‘Sign (or symptom) surveillance’ would in fact
be a better name. The importance and power of these sensory or organ-
oleptic observations are reﬂected in the names of animal diseases
(Table 1).
Observing abnormalities of appearance, behaviour, growth, feeding,
reproduction and survival may be hampered in the aquatic environment
by lack of visibility either because the water is murky or because the ﬁsh
are at somedepth. These disadvantagesmaybe overcomebyusing divers,
lift trays, cast nets or novel developments in behavioural assessment such
as video or ultrasonic analysis. However, even in the absence of these
technologies, the opportunity for the detection of abnormal signs still ex-
ists, e.g. the location and pattern of swimming, poor growth, lack of food
consumption, mortality rate and physical appearance of dead animals
(Bondad-Reantaso et al., 2001; Mohan et al., 2002). In ﬁnﬁsh, abnormal
swimming behaviours such as rubbing against solid objects or “ﬂashing”
can indicate surface irritation; cork-screwingmay also indicate neurolog-
ical problems and air gulping oxygen deprivation. General listlessness,
belly-up or rolling motion may also be seen. The physical appearance of
the ﬁns, skin and eyes can also be observed. Fin damagemay indicateme-
chanical damage or the result of infection. The occurrence and distribu-
tion of red spots or erosions on the skin and the presence of
macroscopic ectoparasites can be noted. Similar observation may be
made with shrimp. In addition to changes in feeding behaviour, colonisa-
tion, erosion of the cuticle, broken antennae, loss of limbs, white or black
spots and general changes in colourmay indicate disease. The detectionof
behavioural changes in molluscs is more difﬁcult but failure of shell clo-
sure or “gaping” on removal from the water may indicate weakness. Ab-
normal smell may occur. Although changes to shell shape, and
colonisation or damage of its external surface may be normal, these
changes on the inside of the shell may indicate disease as may changes
in appearance or colour of the soft tissue or the presence of water blisters
or abscesses. An important component of these observations is knowl-
edge of the normal, a state farmers become aware of from daily contact
with these species. Indeed farmers may use a number of almost sublimi-
nal senses to conclude that “something is wrong.” The importance of
these methods of disease detection has been described in detail
(Bondad-Reantaso et al., 2001) and is also reﬂected in the names of
many of the important diseases of ﬁsh and shellﬁsh (Table 1).
3.2. Reporting disease
The accurate reporting of disease is as important as its detection. The
effect of under-reporting on the effectiveness of disease surveillance
programmes is acknowledged (Halliday et al., 2012). However, over-
reporting, mis-reporting and non-representative reporting, either pur-
posely or by ignorance, are equally distorting.
The framework depicted in Fig. 1 allows the reasons for poor quality
and unrepresentative reporting to be teased apart. These may be
categorised broadly into technological and behavioural realms. These
two main drivers inﬂuence the ability to detect and report disease and
the willingness and motivation to do so. They affect individuals and in-
stitutions. The risk of losing trade, credibility and reputation, can affect
thewillingness of national institutions to report disease to international
authorities. Such disincentives reﬂect interplay between external eco-
nomic, social and institutional constraints and inﬂuences (blue boxed
arrows in Fig. 1).
Because of the fundamental role of the participation of farmers and
institutions in syndromic surveillance, the impact of the disincentives
and external inﬂuences on their behaviour needs to be clearly
Fig. 1. Reasons and inﬂuences for poor quality and unrepresentative reporting in disease surveillance. Developed fromWorld Bank (2010a); Halliday et al. (2012).
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of technologies supporting syndromic surveillance, individual and col-
lective inﬂuences underpinning farmers' reporting behaviour and par-
ticipation, and the function of informal and formal institutions
involved in disease surveillance.3.3. Technology: a mixed blessing for farmer-based syndromic surveillance
Farmers' active participation in disease surveillance involves the
adoption of facilitating technologies and good reporting practices. Dis-
ease detection and reporting, and syndromic surveillancemore general-
ly, rely largely on technical means.1 Modern communication
technologies, including mobile phones and internet-based mapping
systems, have been suggested as powerful aids for disease surveillance
(Chunara et al., 2012, Freifeld et al., 2010). They can however be a
mixed blessing for farmer-based surveillance on both epidemiological
and social grounds, the latter in relation to their acceptance and adop-
tion (Renaud and Van Biljon, 2008).21 We assumehere, and in the rest of this section, that thepotential demand, appropriate
knowledge base and right institutional setup that underpin the emergence of technologi-
cal innovation (Sunding and Zilberman, 2001) for new surveillance technologies, already
exist.
2 According to these authors, technology acceptance and adoption are linked but differ-
ent dimensions. Whereas adoption is the process through which one ﬁrst becomes aware
of a technology and ends up embracing it and making full use of it, acceptance is the atti-
tude towards this technology. Accepting a technologywill ensure that it is adopted (for ex-
ample, if a technology becomes dysfunctional and is not well accepted, it is unlikely to be
replaced - and therefore adopted - by the user/owner).Despite their increasing availability worldwide, the use of modern
information and communication technologies (ICT) for surveillance
raises important epidemiological issues. These relate to:
(i) Sampling and targeting of populations, which are affected by the
uneven distribution of mobile phones, internet access and net-
work coverage, and by literacy issues, in particular in developing
countries (Watkins et al., 2012). This can lead to a bias towards
increased reporting from countries with greater electronic com-
munications infrastructures and public health resources
(Brownstein et al., 2008). Evidence from Sri Lanka and Kenya in-
dicated that this can challenge the accuracy of disease surveil-
lance (Robertson et al., 2010b; Walker et al., 2011).
(ii) Conﬁdence in the data collected, which raises validation and
quality control issues, in particular over data collected via
‘crowdsourcing’ (Freifeld et al., 2010).
(iii) Anonymisation of data and the need for privacy protection. This
is an additional challenge for data crowdsourced using
smartphone and internet-based tools (Chunara et al., 2012;
Freifeld et al., 2010), although methods to overcome this are
being developed (Clarke and Steele, 2014).
The adoption and diffusion of technologies supporting syndromic
disease surveillance are just as critical. Adoption hinges on a mix of so-
cial and economic factors, individual attitudes, perceptions and status
(Fig. 1) (Duncombe, 2015). The livestock health literature shows the in-
ﬂuence of exogenous factors as diverse as social status (Heffernan et al.,
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cern for animal welfare and understanding of the disease, economic en-
vironment, veterinary support and severity of the situation (Alarcon
et al., 2014) on the adoption of technological advances for improved an-
imal health management. Such detailed literature is not available for
aquaculture, although research on the adoption of improved farmed
management practices more generally reveals the inﬂuence of a range
of similar exogenous factors, regardless of the production system (e.g.
farm ownership and distance (Baticados et al., 2014); education level,
contacts with extension workers, access to seed and markets
(Adeogun et al., 2008); age, extension, perceived proﬁtability, market-
ability and risk levels (Wetengere, 2011)). Little is known however
about aquatic farmers' motivation to adopt technologies which support
syndromic surveillance, opening a potentially a large ﬁeld of enquiry.
Some useful insights into the adoption of technologies which sup-
port syndromic surveillance are starting to emerge from the use of ICT
and mobile phones to provide farmers with information and services
aimed at improving productivity (Duncombe, 2015). In spite of reduc-
ing information costs and asymmetries3 and alleviating overstretched
extension services (Aker, 2011, Mittal et al., 2010), the often assumed
potential positive developmental outcomes of ICT-based innovations
(Avgerou, 2010) remain to be veriﬁed. For example, ICT is not gender-
neutral (Arun et al., 2004), and adequate consideration of gender differ-
ences in the access and use ofmobile technologies, and the involvement
of end-users in the design of ICT-driven services, is still largely lacking
(Duncombe, 2015).
3.4. Motivation and other inﬂuences behind farmers' willingness or inertia
to report disease
Farmer-centred, participatory approaches (Chambers, 1994; Pretty,
1994) have been promoted by some epidemiologists to generate farmer
buy-in to surveillance programmes (Catley et al., 2001). These ap-
proaches have had some success in the control of terrestrial animal dis-
eases (e.g. Ashley-Robinson et al., 2004; Catley et al., 2012; Jost et al.,
2007; Mariner et al., 2014). They are congruent with the idea that
syndromic surveillance should be placed in the hands of farmers be-
cause they are able to recognise signs of disease in the animals in their
care.
In aquaculture however, to our knowledge, there are only two ex-
amples of participatory syndromic surveillance. In one, participatory
rural appraisal was used to assess farmers' knowledge and observations
of ﬁsh diseases in India (Sahu et al., 1999). This was however insufﬁ-
cient for epidemiological monitoring. In the other, French oyster
farmers were surveyed to determine what to them constituted ‘in-
creased mortality’, a trigger for notiﬁcation to the EU. This was an at-
tempt to understand the factors behind their reporting of disease
(Lupo et al., 2014b). Results indicated that the degree of awareness of
mortality, reporting requirements, individual perceptions about com-
pensation, personal involvement and past experience in surveillance
programmes were important in doing so (Lupo et al., 2014a). More
studies are clearly needed to understand individual and collective be-
haviours and incentives which impact on farmer-based syndromic
surveillance.
3.4.1. Individually
3.4.1.1. Behavioural determinants.According to the theory of planned be-
haviour (Ajzen, 1991), farmers' “behaviour” in reporting disease is a re-
ﬂection of the level of their “intention” to carry out actions to reduce or
manage disease risk, their “attitudes”, i.e. values, (e.g. pursuit of proﬁt),3 Information asymmetry is said to occur in transactions where one party has more or
better information than the other, creating an imbalance in decision-making power and
a skewed decision outcome.priorities (e.g. personal fulﬁlment) and personalities, and external ex-
pectations placed upon them (also called ‘subjective norms’), and of
their “perceived behavioural control”, i.e. their ability put practices of
their choice into effect (Alarcon et al., 2014; Garforth et al., 2004;
Garforth et al., 2013).
Studies of the impact of these drivers in terrestrial animal disease
control have been undertaken (Alarcon et al., 2014) but are non-
existent in aquaculture. Understanding their importance and interac-
tions is essential as it will elucidate farmers' values, commitment, moti-
vation and trust, and their perceptions of the beneﬁts of surveillance.
This knowledge would be instrumental in tailoring the design of
reporting systems and would inform the modus operandi of syndromic
surveillance programmes in aquaculture. Feedback, in the form of ac-
knowledging reports, providing diagnostic test results and advice on
disease management are non-monetary incentives that may enhance
the willingness and overcome the inertia to report (Halliday et al.,
2012). Conﬁdence in anonymisation and identity protection may have
a similar effect (Clarke and Steele, 2014). Anonymity may be important
not only for epidemiological integrity, but also to protect farmers with
emerging diseases from ostracization (Corsin et al., 2009; Mariner
et al., 2014).
3.4.1.2.Monetary incentives. Financial compensation for animal losses in-
curred during disease outbreaks is meant to incentivise farmers to re-
port early signs of disease. The extent to which this works is
debatable. It appears to vary according to species, disease, farming con-
text and history. Lupo et al. (2014a) reported that following the intro-
duction of mandatory mortality reporting, oyster farmers who had
received compensation before the law was passed were more likely to
report mortalities than those who had not. They cite similar ﬁndings
for the reporting of avian inﬂuenza by Dutch poultry farmers and scra-
pie by Norwegian sheep farmers but contrast these with the reporting
of classical swine fever by Dutch pig farmers.
These variations are not surprising. The effectiveness of compensa-
tion in stimulating reporting assumes that farmers, as rational agents,
will seek to maximise their utility; in other words, that proﬁt
maximisation from farming will be a key objective for farmers. Yet,
studies in agriculture show time and again that farmers exhibit behav-
iour and decision-making patternswhichdonot follow this assumption.
They are strongly inﬂuenced by other, non-pecuniary, motivations
(Howley, 2015). These detract from compliance. If perceived as inade-
quate by farmers, compensation will not trigger the expected reporting
response (Enticott and Lee, 2015; Lupo et al., 2014a). Compensation can
be a deterrent to the implementation of improved health management
procedures and give rise to free-riding behaviours. Inconsistencies in
policies, whereby some notiﬁable diseases are compensated for and
others not (e.g. Infectious Salmon Anaemia-ISA in the UK), and lack of
transparency of their ultimate purpose (Enticott and Lee, 2015), raise
questions over their potential impact on disease control. Further re-
search is needed to understand how compensation and insurance may
affect farmers' behaviour in aquaculture.
3.4.1.3. Gender and reporting: a big unknown.Women play a signiﬁcant
role in farming terrestrial and aquatic species (FAO, 2011a) but the
way in which they manage disease in animals under their care is
under-studied (e.g. FAO, 2012). To our knowledge, the extent to
which the differential in opportunities and constraints observed be-
tween men and women farmers in livestock (e.g. Kristjanson et al.,
2010; Miller, 2011) and in aquaculture (e.g. Brugere et al., 2001;
Williams et al., 2012) would affect their engagement in syndromic dis-
ease surveillance and would inﬂuence epidemiological study results,
has not been documented. As a consequence, we simply do not know
whether men and women would notice and report disease differently,
nor whether women's engagement in disease surveillance has the po-
tential to trigger the transformational change that progressing towards
greater gender equality in livestock farming and aquaculture requires.
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Social capital is a very important dimension of farming communities.
Social capital refers to social resources, such as trust, reciprocity, norms,
formal and informal membership of groups, collectives and networks.
These shape the interactions of individuals or groups and can be used
to facilitate their actions and achieve their objectives (Bourdieu, 1980;
Coleman, 1990; Putnam et al., 1993; Woolcock and Narayan, 2000).
The role of social capital in epidemiology has been mainly considered
from a public health perspective (e.g. Kawachi and Berkman, 2000;
Szreter andWoolcock, 2004) and in the context of farmers' perceptions
of, and response to, disease risk (e.g. Naylor and Courtney, 2014). Paral-
lels exist with animal disease surveillance: mutual trust and conﬁdence
must exist between the actors in the reporting chain to enable control
and eradication (World Bank, 2010a).
Social networks are an integral part of social capital (Putnam, 2001;
Sabatini, 2009). Social network analysis (SNA) can establish the posi-
tion, embedment and inﬂuence of individuals within networks. It also
provides an understanding of their structure, operation and effective-
ness. Interestingly, whilst SNA is used extensively in epidemiology to
study the spread of infectious agents (e.g. Brigas-Poulin et al., 2006;
Jonkers et al., 2010; Martin et al., 2011; Ortiz-Pelaez et al., 2006), and
in natural resources management to study environmental governance
(Bodin et al., 2011), this approach has not been extrapolated to under-
standing how relationships between individual farmers and their social
groups might inﬂuence their decision to report disease.
The concept of collective action, which also stems from the notion of
social capital (Putnam et al., 1993;Woolcock and Narayan, 2000) and is
mainly used in relation to natural resources management,4 is also rele-
vant to disease surveillance. Social capital is enabling when used as a
productive asset facilitating transactions and generating cooperation.
However it can have a potentially harmful effect on collective action
when opportunistic behaviours, such as rent-seeking and free-riding,
are displayed (Dasgupta and Serageldin, 2001). This is of particular im-
portance for disease surveillance and in outbreaks, where a rapid, coor-
dinated and collective response is required. In studies of oyster farming,
collective intentions towards improved farming practices aimed at
preventing disease emergence were overridden by individual proﬁt-
maximisation objectives (Carlier et al., 2013) and diverging individual
interpretations of what constituted a case deﬁnition hampered the col-
lective response necessary to halt disease spread (Lupo et al., 2014b).
Collective action also concerns institutions. It ismanifest through the
networks that have been created by international organisations and na-
tional institutions to strengthen the coordination of animal and human
disease surveillance and cross border control (Wibulpolprasert et al.,
2013).
3.5. Institutional inﬂuences on disease surveillance effectiveness
There is a need to integrate political economy and institutional per-
spectives in animal health research to understand the factors that inﬂu-
ence the behaviour of institutions with regard to the implementation of
disease surveillance (Rushton et al., 2007). Institutional behaviour may
be inﬂuenced by legal requirements and by functional, reputational and
economic incentives.
3.5.1. Legal requirements
The need to minimise the potential for disease spread and the eco-
nomic impacts of restrictedmovement on trade requires complex inter-
actions and commitments amongnational and international authorities.
These interactions are regulated by the SPS Agreement (WTO, 1995) for
animal health, and the updated IHR (WHO, 2005) for public health, in-
cluding zoonoses. The IHR seeks to facilitate disease information sharing4 The majority of the literature on management of common-pool natural resources
tends to be grounded in the works of Ostrom (1990) and Baland and Platteau (1996) on
informal solutions and collective action.and surveillance across borders. The SPS agreement operates at the in-
terface of health and trade. It uses disease freedom as leverage for
trade transactions and access to markets. Both treaties provide legal
frameworks which strengthen the role of the OIE and WHO. In compli-
ance with the SPS, countries have to report the occurrence of diseases
listed in the Aquatic Animal Health Code to the OIE. Countries are ex-
pected to take reasonable action to prevent the spread of disease, but
the requirements of the SPS Agreement and OIE standards are not con-
sistently translated, resourced or enforced in national legislations (Otte
et al., 2004, Oidtmann et al., 2011). This weakens the process of disease
reporting to international authorities, particularly if the diseases are
emerging and not yet listed by the OIE. It also reduces the overall efﬁca-
cy of national and international biosecurity frameworks. This is aggra-
vated by the fact that the OIE does not have a policing authority
(Oidtmann et al., 2011). Similar issues arise with regard to the compli-
ance, implementation and effectiveness of the IHR, and the enforcement
role of the WHO particularly in developing countries (Youde, 2011).
3.5.2. Institutional ‘(dis)functions’
The role of institutions is to create stable structures for human inter-
actions (North, 1990). International, national and local institutions are
critical in the surveillance, control and management of disease. Their
role is however often hampered by principal-agent relationship break-
downs, i.e. when one ‘agent’ at a lower level has to respond to multiple
‘principals’withwhom authority rests and whose interests are not nec-
essarily aligned (Dixit, 2003). In addition, information asymmetries give
rise to uncertainty, conﬂict (Bardhan, 1989) and high transaction costs
(North, 2000). For example, separate competent authorities with over-
lapping mandates, or the delegation of responsibilities for disease
diagnosis and prevention to third, private, entities can create communi-
cation gaps, confuse reporting channels and increase the number and
costs of transactions. These undermine the enforcement of regulations
and effectiveness of disease detection and control (Halliday et al.,
2012). Mixed messages from animal health institutions to farmers
(Mariner et al., 2014), or lack of transparency and clarity with respect
to the notiﬁcation process between farmers and veterinary authorities
(Elbers et al., 2010) are also typical cases of information asymmetries
and principal-agent breakdowns.
In response to these limitations, integrated approaches such as “One
Health”, which aim to integrate disease prevention and control across
multiple ministries, such as those responsible for human and animal
health, tourism, environment, wildlife and trade, have been proposed
to facilitate communication, coordination and responsiveness (World
Bank, 2010a; Zinsstag et al., 2013). Similarly, improvements in the
speed and transparency of disease notiﬁcation and information dissem-
ination have been achieved through the development of surveillance
networks at regional and sub-regional levels. In human health, CORDS
- Connecting Organizations for Regional Disease Surveillance
(Wibulpolprasert et al., 2013) is one such example, as is the OIE's
World Animal Health Information System (WAHIS) and Database
(WAHID) (Corsin et al., 2009). However, only listed diseases are consid-
ered (Oidtmann et al., 2011) and false positive reports can perpetuate
mistrust, and result in unnecessary actions and wasted resources
(Halliday et al., 2012). The precise extent to which such network ap-
proaches will improve the governance of disease surveillance and con-
trol is therefore yet to be determined.
3.5.3. Reputational (dis)incentives
Veterinary and other government authorities can ﬁnd themselves
trapped between their obligation of disease notiﬁcation and its poten-
tially negative impact on how the status of animal health and perfor-
mance of their veterinary services are viewed (Mariner et al., 2014).
Potentially large economic and political risks may be associated with
the damage done to a country's reputation by reporting disease and
implementing corrective measures, e.g. threats to exports, effects on
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services (e.g. Mariner et al., 2014).
3.5.4. Economic (dis)incentives
Although schemes that compensate farmers ﬁnancially for the
slaughter of their stocks tend to increase the sensitivity of surveillance,
they are not available everywhere and for every disease (Oidtmann
et al., 2011). They are expensive (Inamura et al., 2015) and are not fea-
sible in countries where resources are limited (Halliday et al., 2012).
Returns on public investment in disease surveillance and control of no-
tiﬁable diseases are also not always guaranteed and vary according to
the type of disease. In farmed salmon for example, they are higher for
ISA and viral haemorrhagic septicaemia (VHS) than for infectious
haemorrhagic necrosis (IHN) (Moran and Fofana, 2007). The establish-
ment of a global fund for the ﬁnancial compensation of national govern-
ments who follow international regulations in reporting disease
outbreaks and implementing control measures has been proposed
(World Bank, 2010a). However, in the case of non-zoonotic diseases
where public health risks are minimal, this begs the question of who
should be responsible for the costs of surveillance.
For national governments, deciding whether to compensate or in-
vest in prevention, through surveillance and intervention, is a complex
policy decision. Economically optimizing resource allocation in the con-
text of disease management is neither straightforward nor intuitive
(Howe et al., 2013). Furthermore, deciding how much protection from
disease is appropriate, and who should bear the costs of this, is particu-
larly important in the context of transboundary diseases. It involves
consideration of the economic notions of public good, externality and
equity (Otte et al., 2004). Surveillance, epidemiological and veterinary
research, information and service provision to farmers are typically con-
sidered as “public goods”. When carried out unilaterally by all countries,
such public goods generate global societal beneﬁts. But they can also
give rise to free-riding behaviour displayed at national level when un-
certainties exist regarding the risks and impacts of existing and emerg-
ing transboundary diseases. Governments may relax their efforts and
responsibilities for reporting and control in the belief that their beneﬁts
from global surveillance will remain unchanged. Whilst, on equity
grounds, the cost of disease externalities, i.e. the uncompensated dam-
age generated by the spread of disease on third parties, should be shared
between those who impose a higher risk or spread disease to others,
and those who beneﬁt from protection from this risk, this is difﬁcult in
practice (Otte et al., 2004). Although not quantiﬁed, it is most likely
that, by inﬂuencing the reporting behaviour of governments, these eco-
nomic (dis)incentives are undermining the effectiveness of the SPS
agreement, and ultimately the efforts of the international community
towards improved disease communication and control.
4. Discussion: challenges and opportunities for syndromic disease
surveillance in aquaculture
New and emerging diseases remain a major challenge to aquacul-
ture development. The nature of the sector's production systems, on-
going intensiﬁcation, reliance on international trade and importance
for livelihoods and food security in resource-limited countries, make it
prone and extremely sensitive to the impact and spread of disease.
Could the proximity and observational skills of ﬁsh farmers be used
as a basis for syndromic surveillance? Although ﬁsh farmers' ability to
accurately detect and report signs of diseases has not been demonstrat-
ed, the most threatening diseases for aquaculture have obvious clinical
signs (cf. Table 1). There is no reason to believe that ﬁsh farmers would
not be able to notice these deviations from the norm and to identify
existing and emerging diseases. Thiswill onlywork if the factors that in-
ﬂuence individual and institutional behaviours, and consequently the
quality and representativeness of reporting, are understood and used
to inform the design of surveillance and control programmes. Byfocussing on these human dimensions, the aquaculture sector could
set an example in this area.
Technological developments such as pond-side tests, internet-based
technologies and smart phone apps are becoming globally available to
farmers and are likely to be pivotal in reporting disease and developing
farmer-based syndromic surveillance. Aquaculture should not miss
these opportunities. However, jumping on the “m-surveillance” band-
wagon is not without dangers. Evidence from human medicine shows
that the use of mobile phones and related ICT does not scale up beyond
pilot studies (Andreassen et al., 2015). Overcoming these “plagues of pi-
lots” (ibid) requires a focus on the interactions between technology and
people. Designing new technologies aimed at farmer use is easy. But de-
signing a technology-driven system for collecting epidemiological data
that is meaningful to farmers, veterinarians, researchers, and policy-
makers is complex. Human aspects need to be adequately accounted
for. Epidemiological data collection is about technology, but effective
disease surveillance is about people. This is a neglected aspect of epide-
miology and disease surveillance (Lupo et al., 2014a; Mariner et al.,
2014). Understanding what motivates ﬁsh farmers and aquaculture au-
thorities and devising appropriate incentives to maintain their engage-
ment to report disease over long periods is essential in developing
sustainable, dynamic and adaptable surveillance systems.
Promoting farmer-based syndromic aquatic disease surveillance
(FASADS) requiresmarshalling disciplines such as veterinary science, ep-
idemiology, information technology, biology, economics, psychology and
social science on an equal footing in order to design systemswhich are in-
clusive of people and technology. Calls for greater inclusion of social sci-
ences and economics in epidemiology are not new (e.g. Perry et al.,
2001; Rushton et al., 2007) but until recently these have largely been ig-
nored. Animal disease surveillance has thus remained focused on what
Halliday et al. (2012) describe as “tangible elements, such as laboratory
diagnostic infrastructure and communications technology.” These veteri-
nary, epidemiological and technical components of surveillance are well
established but social, economic and institutional elements are open re-
search areas, particularly in syndromic surveillance and in the aquacul-
ture sector. Considering these dimensions from the outset will
strengthen the framework of aquatic disease surveillance systems by
identifying their components and boundaries (Morgan et al., 2015).
Interdisciplinary collaboration in surveillance will be all the more
crucial as diseases emerge, evolve and spread in increasingly complex,
interconnected and dynamic social-ecological systems (Leung et al.,
2012). Over the years, disease surveillance driven by veterinary and ep-
idemiological sciences has progressively lost the human connotation
that was evident in Langmuir's original conception. Yet, for it to become
effective, understanding the human and institutional dimensions affect-
ing decisions about disease reporting and control is paramount (Rich
and Perry, 2011). This is particularly important in developing countries,
where resources are limiting and rural livelihoods are dependent on
healthy animals and successful rearing cycles. The importance of under-
standing and harnessing social capital in doing this has been demon-
strated by use of cluster management in the form of farmer groups
and aquaclubs in Vietnam and India to develop and promote best man-
agement practices to improve shrimp productivity (Corsin et al., 2008).
Similarly, animal disease surveillance needs to be about people.
By embedding health and disease in broader social-ecological con-
texts, “OneHealth” (World Bank, 2010a) lends itself to interdisciplinary
interactions and the incorporation of farmers and institutions behav-
ioural inﬂuences in disease surveillance and control. It is contributing
to moving disease surveillance beyond disciplinary silos and promoting
the systemic study and understanding of interactions between people,
their animals and the environment. This will increase the likelihood of
positive impacts on livelihoods and the resilience of social-ecological
systems more generally (Zinsstag et al., 2013). One Health still needs
to better incorporate aquatic animal health however. If it does this, it of-
fers a promising vehicle for the development of aquatic disease surveil-
lance (MacKenzie et al., 2015).
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Who beneﬁts? andWho pays? Many stakeholders are affected, directly
or indirectly, by animal disease surveillance. The aquaculture sector is
no different in this regard: farmers, researchers, diagnosticians, national
and international authorities, private sector organisations and con-
sumers are linked by the epidemiological data collected. Private input
providers (e.g. pharmaceutical companies) may be interested in paying
for accessing the data generated by a disease surveillance programme
run by a national authority. A farmers' collective may wish to set up
its own surveillance system across large areas or clusters of privately
owned farms, and generate the epidemiological data which national
surveillance programmes will require access to and be prepared to
pay for through cost sharing agreements. How the value of this data
(and for whom) will be captured will be an essential component of
the long-term sustainability of surveillance programmes. However, in
addition to the issue of sharing the costs of surveillance, sharing the
data it generates will be just as sensitive.
In a context of growing numbers of cases of aquatic zoonoses, sea-
food consumersmay also drive demand and bewilling to pay premiums
for certiﬁed disease-free aquaculture commodities. The potential of cer-
tiﬁed disease-free products to command a price premium is an immedi-
ately tangible, incentive for surveillance (Halliday et al., 2012). This is
potentially very relevant to aquaculture. Debates over aquaculture
product certiﬁcation are raging, but have so far paid little attention to
the place of disease freedom in product certiﬁcation (e.g. Bush et al.,
2013), or relegated the issue to one of compliance with the provisions
of the OIE Aquatic Animal Health Code (FAO, 2011b). The issue of certi-
ﬁcation is intimately linked to the implementation of the SPS Agree-
ment. Failure to accede to certiﬁcation of disease freedom resulted in a
trade ban and dispute between Canada and Australia regarding the im-
port of farmed salmon to protect Australia's recreational ﬁsheries from
exotic diseases (Taylor, 2000). The opportunity to trade is obviously im-
portant, but does not necessarily translate into an immediate, additional
reward for farmers' efforts to surveil and maintain disease-free stocks.
To be an incentive for all actors in the surveillance ‘chain’, the beneﬁts
of improved surveillance should be spread equitably among all the
stakeholders of this chain. Although the role of the OIE has become
more prominent since the SPS Agreement, one may question the
value, aswell as ethics, of an over-reliance on a trade-related agreement
in governing animal health and disease control5 without providing the
OIE with resources to assist countries and producers in meeting, and
beneﬁting from, disease freedom.
5. Concluding comments
Farmer-based syndromic aquatic disease surveillance constitutes a
real opportunity to overcome barriers inherent to traditional,
laboratory-based surveillance in aquaculture. However, the long-term
sustainability of surveillance will necessitate overcoming farmers' and
institutional inertia, i.e. their reluctance to change. This will mean ad-
dressing the psychological, organizational, and political barriers that
have become ingrained in the behaviour of farmers and institutions
(World Bank, 2010b). Much however remains to be explored in this
ﬁeld in relation to its consequences on disease reporting and its combi-
nation with the atypical - but overall understudied - risk preferences
ﬁsh farmers can display pre and post disease outbreaks (Castinel et al.,
2015). The future global governance of disease surveillancemay require
a rethink. Currently the IHR is concerned chieﬂywith human health and
represents the process throughwhich humandiseases can be controlled
on a global scale; the SPS sanctions this in the context of animal health.
The boundaries between the two treaties are however likely to become
increasingly blurredwith the increasing emergence of zoonoses. Aquat-
ic diseases should not be exempt from these discussions.5 The interface and duality between globalised trade and globalised health in the SPS
Agreement is extensively discussed in Prévot (2009).Progressing farmer-based aquatic syndromic disease surveillance
requires the creation of a new “culture of surveillance” (Halliday et al.,
2012; Soto et al., 2008) that shifts the paradigm from surveillance as
the unique prerogative of veterinarians and diagnostic laboratories, to
one inwhich farmers, acknowledged as the starting point of disease sur-
veillance, are given equal power and responsibility. Technological
change will only facilitate this if the human components of the system
are understood, respected and optimised.
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